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DELIVERY AND EXCHANGE CATHETER 
FOR STORING GUIDEWIRE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/623, 198, filed on Nov. 20, 2009, which 
claims priority to U.S. Provisional Patent Application No. 
61/118,260 filed Nov. 26, 2008. The entire disclosures of 
which are incorporated herein by reference. 

BACKGROUND 

1. Field of the Invention 
The present invention relates generally to medical devices 

and methods. More particularly, the present invention relates 
to an intraluminal catheter configured to Stow two or more 
treatment catheters and/or guidewires and allow for distal 
advancement of one Such catheter or guidewire at a time. 
The use of a dual lumen catheter for introducing and 

exchanging guidewires and therapeutic or imaging catheters 
has been proposed. See, for example, U.S. Pat. No. 5,203.338 
and U.S. Patent Publication No. 2008/0154345. The systems 
described in each of these documents use an outer catheter or 
sheath having two proximal lumens connected to a single 
reduced-diameter distal lumen for delivering and exchanging 
guidewires, therapeutic catheters, and imaging catheters. 
Typically, a single guidewire is stored in one proximal lumen 
while a single imaging or therapeutic catheter is stored in the 
other proximal lumen. The dual lumen catheter may be posi 
tioned at a target site within the vasculature of the body 
lumen, and the guidewire and catheter selectively advanced 
through the distal lumen when needed. 

While effective, the use of such storage catheters having 
two lumens in the proximal section is disadvantageous in 
several respects. First, the formation of two or more discrete 
lumens in the proximal portion usually results in a larger 
diameter. While acceptable in many applications, in some 
vascular and cardiovascular applications, it is desirable to 
reduce even the proximal diameter as much as possible. Sec 
ond, the need to fabricate two or more discrete lumens in the 
proximal portion complicates the fabrication of the catheter. 
Additionally, the initial formation of discrete proximal 
lumens with fixed dimensions limits the ability to introduce 
therapeutic and imaging catheters which exceed the fixed 
dimensions. 

For these reasons, it would be desirable to provide storage 
and exchange catheters which have reduced profile proximal 
portions, which are easier to fabricate, and which permit 
increased flexibility in the range of catheters and guidewires 
which be stored and selectively introduced. At least some of 
these objectives will be met by the inventions described and 
claimed below. 

2. Description of the Background Art 
U.S. Pat. Nos. 5,203,338; 5.665,533; 5,976,093; 5,997, 

523: 6,234,971; 6,730,037; 7,160,724; and WOO1/66698 and 
WO92/11055 describe dual lumen catheters for holding and 
exchanging a guidewire and an imaging core, where a distal 
portion of the body comprises a reduced diameter single 
lumen segment. US 2008/0154345 describes a method and 
system for advancing a laser catheter across an occlusion 
using a catheter body having a dual lumen proximal portion 
and a single lumen distal portion. See also U.S. Patent Pub 
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2 
lication Nos. 2008/0172033: 2008/000.9770; 2005/0245962: 
and U.S. Pat. Nos. 7,018,358 and 6,106,487. 

BRIEF SUMMARY 

The present invention overcomes some or all of the short 
comings of the prior art by providing a Support catheter which 
comprises a catheter body having a proximal region or por 
tion, a distal region orportion, and a single contiguous lumen 
extending through the proximal and distal regions. The cross 
sectional area of the proximal lumen is larger than the cross 
sectional area of the distallumen so that two or more devices, 
Such as guidewires, therapeutic catheters, imaging catheters, 
and most particularly cutting tip guidewires as discussed in 
more detail below, may be held in the proximal lumen while 
the distal lumen remains available for selectively advancing 
any one of these devices to the vasculature or other body 
lumen being treated. While the proximal lumen will be open, 
that is, there is no fixed or other barrier which defines two or 
more discrete lumens within the proximal lumen region, the 
proximal region may include structure for aligning the 
guidewires and catheters within the proximal lumen in order 
to minimize interference and tangling of such devices. Typi 
cally, the structure for aligning may comprise at least a first 
axial ridge disposed along at least a portion of the wall of the 
proximal lumen region. The ridge may be continuous or dis 
continuous and will be configured to confine or align the 
catheters, guidewires, and other elongate devices within a 
portion of the lumen. Usually, at least a secondaxial ridge will 
be disposed along the wall of the proximal portion of the 
single contiguous lumen, where the second ridge is typically 
but not necessarily opposite to the first axial ridge. In some 
instances, it may be desirable to provide at least three axial 
ridges in order to define at least three confinement regions 
within the proximal lumen portion. 
The catheter body may be constructed in any conventional 

manner. In a first exemplary embodiment, the catheter body 
may be a single continuous extrusion, typically formed from 
conventional materials such as nylon, polyethylene, PTFE, 
and the like. Portions or all of the catheter body may be 
reinforced, e.g. with metallic braids, metal or polymeric 
wires, or the like. 

Alternatively, the catheter body may be constructed of two, 
three, or more separate extrusions which are joined directly or 
indirectly by conventional techniques. A distal extrusion may 
be joined to a proximal extrusion, where the distal and proxi 
mal extrusions may beformed from different materials or the 
same materials having different properties and/or may have 
different dimensions, different reinforcement components 
(e.g., braid, wire, etc.), different physical characteristics, and 
the like. The proximal and distal extrusions may be joined 
directly or by an additional extrusion or other component 
which indirectly attaches one extrusion to an adjacent extru 
sion. Either or both ends of the extrusions may be flared, 
necked, and/or skived to facilitate attachment. The extrusions 
may be attached by fusing or melting the materials together, 
by using adhesive, by using metal or plastic connectors, or 
any other form of attachment. Alternatively, part of or the 
entire proximal portion and/or distal portion of the catheter 
body may be formed from nitinol or other superelastic mate 
rial, typically using a nitinol hypotube, where the nitinol 
portion is joined to one or more polymeric region(s). Nitinol 
used in the proximal or distal region or portion can improve 
torque transmission and/or increase catheter Stiffness. 
The dimensions of the catheter may vary depending on 

intended use. For use in the coronary vasculature and Smaller 
peripheral vessels, the catheter will typically have a length in 



US 8,801,691 B2 
3 

the range from 100 cm to 180 cm, more typically in the range 
from 120 cm to 160 cm, with a proximal region length in the 
range from 70 cm to 175 cm, and a distal region length in the 
range from 5 cm to 30 cm, with a proximal cross-sectional 
area in the range from 0.2 mm to 0.6 mm, usually from 0.3 
mm to 0.5 mm, and a distal cross-sectional area in the range 
from 0.1 mm to 0.25 mm, typically from 0.11 mm to 0.22 
mm. For use in the larger vessels in the peripheral vascula 
ture, the catheter body will typically have a length in the range 
from 100 cm to 150 cm, more typically in the range from 100 
cm to 135 cm, with a proximal region length in the range from 
80 cm to 130 cm, and a distal region length in the range from 
5 cm to 30 cm, with a proximal cross-sectional area in the 
range from 0.6 mm to 1.60 mm, usually from 1.25 mm to 
1.55 mm, and a distal cross-sectional area in the range from 
0.25 mm to 0.80mm, typically from 0.62mm to 0.73 mm. 

Methods according to the present invention comprise intro 
ducing a Support catheter, Such as that described above, to a 
target location in a body lumen. First and second elongate 
devices, such as guidewires, therapeutic catheters, imaging 
catheters, or the like, are placed in a common proximal lumen 
of the support catheter. Individual ones of the elongate 
devices are then selectively advanced, one at a time, through 
a distal lumen of the Support catheter to the target location. 
The cross-sectional area of the distallumen is less than that of 
the proximal lumen, allowing the Support catheter to be intro 
duced to relatively small regions of the vasculature or other 
body lumens. 

The methods of the present invention will typically be used 
for crossing occlusions within a body lumen, typically a 
blood vessel, where the occlusion is usually total. In such 
methods, the first elongate device may comprise a guidewire 
and the second elongate device may comprise a drilling wire, 
Such as those described in co-pending, commonly owned 
application Ser. Nos. 11/567,884, filed on Dec. 7, 2006: 
1 1/636,388, filed on Dec. 7, 2006; and 1 1/236,703, filed on 
Sep. 26, 2005, the full disclosures of which are incorporated 
herein by reference. 

While the methods of the present invention may utilize 
Support catheters having proximal lumens which are Substan 
tially circular and free from surface features, it will often be 
desirable to provide means for aligning the multiple wires and 
devices within the common proximal lumen. For example, 
the walls may include one or more axial ridges or other 
structures or features which align the devices without fully 
separating the devices into separate lumens. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective illustration of a support catheter 
constructed in accordance with the principles of the present 
invention. 

FIGS. 2A-2C are alternative cross-sectional views of a 
proximal region of the Support catheter of the present inven 
tion taken along line 2-2 of FIG. 1. 

FIG. 3 is a cross-sectional view of a distal region of the 
support catheter of the present invention taken along line 3-3 
of FIG. 1. 

FIG. 4 illustrates a single ported hub as shown in FIG. 1. 
FIG. 5 illustrates an alternative hub construction with two 

ports. 
FIGS. 6A-6I illustrate an exemplary method of the present 

invention using the support catheter of FIG. 1 for selectively 
deploying a guidewire and a drill wire to cross a total occlu 
sion in a blood vessel. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, an exemplary support catheter 10 
comprises a catheter body 12 including a proximal region or 
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4 
portion 14 and a distal region or portion 16. The proximal 
region 14 may have a variety of configurations, as shown in 
FIGS. 2A-2C, but it will always comprise a single open lumen 
which is free from walls or barriers which define isolated 
lumens or compartments therein. The distal region 16, as 
illustrated in FIG. 3, will have a cross section which is less 
than that of the proximal region and will usually comprise a 
regular or circular inner wall which is free from structure. 
One or more radiopaque marker bands 39 (such as plati 

num, gold, tungsten, and the like) may be located at or near 
the distal end of the proximal portion 14 of the catheter body 
12. The marker band(s)39 allows the user to fluoroscopically 
image the location to which the guidewire or working device 
must be retracted to in order to clear the distal lumen in order 
to advance a different guidewire or working device. One or 
more radiopaque marker bands 40 (Such as platinum, gold, 
tungsten, and the like) may also be placed at or near the distal 
end of the distal portion or region 16 of the catheter body 12 
to allow the user to fluoroscopically image the distal end of 
the catheter to assist positioning the distal end at the target 
region in the body lumen. 
The support catheter 10 will typically have a proximal hub 

20 which includes one or more luer or other connectors (de 
scribed in more detail with reference to FIGS. 4 and 5, below) 
for introducing two or more working devices. Such as 
guidewires, therapeutic catheters, imaging catheters, and the 
like, into the common lumen of proximal region 14. A distal 
end of the proximal hub 20 may be attached to a proximal end 
of the proximal region with adhesive or by insert molding. 

Exemplary working devices 26 and 28 are illustrated in 
FIGS. 2A-2C, with a third exemplary working device 30 
shown in FIG. 2C. The working devices 26, 28, and 30, may, 
as described previously, be any elongate body or element 
which is desired to be introduced to a target location within 
the vasculature or other body lumen. Typically, for vascular 
applications, the working devices will be guidewires, imag 
ing catheters, therapeutic catheters, and in the exemplary 
embodiments illustrated below, a drilling wire for crossing a 
total chronic occlusion. 

After entering through the hub 20, the working devices 26 
and 28 will be received within the lumen of the proximal 
region 14. The lumen of the proximal region 14 may be free 
from structure, as shown in FIG. 2A, which will be adequate 
for many devices which have little propensity to tangle or 
constrict one another. In many instances, however, it will be 
desirable to provide structure on the inner luminal wall of the 
proximal region 14 to align the working devices 26 and 28 and 
to inhibit the risk of tangling and interference. For example, 
as shown in FIG. 2B, axial ridges 34 and 36 may be formed 
along the inner luminal wall, typically opposed at 
180.degree., in order to partially confine the working devices 
26 and 28 within upper and lower regions of the lumen. It 
would also be possible to provide a third axial ridge 38 or 
more, as illustrated in FIG. 2C. Since only one working 
device at a time will be introduced into the distal region, it will 
usually be unnecessary to provide any surface features or 
other elements along the inner rim of the walls of the distal 
region. 
The hub 20 and the proximal end of proximal portion 14 

may be configured to facilitate the transition of multiple 
working devices into the single open lumen, often being 
tapered. The hub 20 may also have one, two, or more separate 
luer or other connectors for simultaneously receiving the 
multiple working devices. As illustrated in FIG. 4, the hub 20 
includes only a single luer connector 22 which can receive 
two or more working devices. The proximal end of the proxi 
mal region 14 of the catheter body has a taper or counter sink 
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21 in the inner diameter. The taper 21 allows the multiple 
working devices to self-align between the ridges (when 
present). Referring now to FIG. 5, an alternative hub 23 hub 
includes two ports 25 (such as luer connectors) for separately 
introducing working devices, such as guidewires, therapeutic 
catheters, imaging catheters, and the like, into the common 
lumen of proximal region 14. Alternatively, one port 25 may 
be used for introducing two or more working devices and the 
second port 25 may be used for flushing the catheter lumen 
with saline or injecting contrast into the lumen without having 
to remove the working devices. A taper or counter sink 27 is 
provided to assist in alignment as described above. 

Referring now to FIGS. 6A-6H, a method utilizing the 
support catheter 10 of the present invention for introducing a 
conventional guidewire and drilling wire to cross a total 
chronic occlusion in the vasculature will be described. As 
shown in FIG. 6A, a conventional guidewire GW is intro 
duced through the lumen of a blood vessel BV to a proximal 
side of a chronic total occlusion CTO. The support catheter 10 
is then introduced over the guidewire so that the distal region 
16 approaches the proximal side of the chronic total occlusion 
CTO, as shown in FIG. 6B. The proximal portion of the 
guidewire GW will pass through the single lumen of the 
proximal region 14 of the Support catheter and externally 
through the hub 20 (FIG. 1). 

After the support catheter 10 has been properly positioned 
proximate the chronic total occlusion CTO, as shown in FIG. 
6C, a cutting guidewire CW may be introduced through the 
other hub 20 (FIG. 1) and advanced through the single lumen 
of the proximal portion 14. After the cutting wire CW is 
positioned just proximally of the distal region 16, as shown in 
FIG. 6C, the guidewire may be withdrawn proximally and 
Stowed in the lumen of the proximal portion 14, as shown in 
FIG. 6D, while the cutting wire CW is advanced distally 
through the distal portion 16 to engage a proximal Surface of 
the chronic total occlusion CTO. The cutting wire may then 
be activated, as shown in the co-pending applications previ 
ously incorporated herein by reference, and advanced 
through the chronic total occlusion CTO, as shown in FIG. 
6E, until the cutting wire fully penetrates the occlusion, as 
shown in FIG.6F. After the passage P has been formed in the 
chronic total occlusion CTO, the support catheter 10 may be 
advanced distal to the chronic total occlusion CTO, and the 
cutting wire CW may be withdrawn as shown in FIG. 6G. The 
guidewire GW can then be advanced from the proximal por 
tion 14 through the distal portion 16 and exit distal to the 
chronic total occlusion CTO, as shown in FIG. 6H. By then 
withdrawing the support catheter 10, as shown in FIG. 6I, the 
guidewire is in place through the chronic total occlusion 
chronic total occlusion CTO allowing for the introduction of 
additional therapeutic catheters, such as angioplasty cath 
eters, atherectomy catheters, stent placement catheters, drug 
delivery catheters, and the like. Alternatively, the cutting wire 
may be proximally retracted and optionally withdrawn from 
the support catheter. The guidewire GW may then be 
advanced from the proximal portion 14, through the distal 
portion 16, and ultimately through the passage P. allowing the 
Support catheter to be withdrawn leaving the guidewire in 
place across the chronic total occlusion CTO, as shown in 
FIG. 6. 

While the above is a complete description of the preferred 
embodiments of the invention, various alternatives, modifi 
cations, and equivalents may be used. Therefore, the above 
description should not be taken as limiting the scope of the 
invention which is defined by the appended claims. 
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What is claimed: 
1. A method of crossing an occlusion in a blood vessel, 

comprising: 
advancing a guidewire through alumen of a blood vessel to 

a location proximal of an occlusion; 
advancing an exchange catheter over the guidewire to posi 

tion a distal end of the exchange catheter proximal of the 
occlusion, the exchange catheter including a catheter 
body having a single contiguous lumen with a proximal 
portion through a proximal region of the catheter body 
and a distal portion through a distal region of the catheter 
body, the exchange catheter advancing over the 
guidewire with the guidewire within the single contigu 
ous lumen; 

withdrawing the guidewire into the exchange catheter Such 
that the guidewire is positioned within the proximal 
portion of the single contiguous lumen; 

advancing a cutting wire into and through the distal portion 
of the single contiguous lumen and out of the distal end 
of the exchange catheter with the guidewire located in 
the proximal region of the catheter body; and 

forming a passage through the occlusion with the cutting 
wire; 

wherein the single contiguous lumen is configured to 
accommodate the guidewire and the cutting wire simul 
taneously within the proximal portion of the single con 
tiguous lumen and only accommodate one of the 
guidewire and the cutting wire at a time within the distal 
portion of the contiguous lumen. 

2. The method of claim 1, further comprising: 
advancing the exchange catheter through the passage 

formed through the occlusion. 
3. The method of claim 2, further comprising: 
withdrawing the cutting wire into the proximal portion of 

the single contiguous lumen after forming the passage; 
and 

thereafter, advancing the guidewire through the distal por 
tion of the single contiguous lumen and out of the distal 
end of the exchange catheter to a location distal of the 
occlusion. 

4. The method of claim 3, further comprising: 
advancing an angioplasty catheter over the guidewire to the 

occlusion. 
5. The method of claim 3, further comprising: 
advancing a stent placement catheter over the guidewire to 

the occlusion. 
6. The method of claim 1, wherein the cutting wire is 

positioned in the proximal portion of the single contiguous 
lumen of the exchange catheter when the guidewire is posi 
tioned in the distal portion of the single contiguous lumen of 
the exchange catheter. 

7. The method of claim 1, wherein the guidewire is posi 
tioned in the proximal portion of the single contiguous lumen 
of the exchange catheter when the cutting wire is positioned 
in the distal portion of the single contiguous lumen of the 
exchange catheter. 

8. A method of crossing an occlusion in a blood vessel, 
comprising: 

advancing a guidewire through alumen of a blood vessel to 
a location proximal of an occlusion; 

advancing an exchange catheter over the guidewire to posi 
tion a distal end of the exchange catheter proximal of the 
occlusion, the exchange catheter including a proximal 
region and a distal region, with a single contiguous 
lumen extending through the proximal and distal 
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regions, the single contiguous lumen having a proximal 
portion through the proximal region and a distal portion 
through the distal region; 

withdrawing the guidewire into the proximal portion of the 
single contiguous lumen of the exchange catheter, 

advancing a cutting wire through the distal portion of the 
single contiguous lumen and out of the distal end of the 
exchange catheter with the guidewire located in the 
proximal portion of the single contiguous lumen; and 

forming a passage through the occlusion with the cutting 
wire; 

wherein the proximal portion of the single contiguous 
lumen of the exchange catheter is sized to receive the 
cutting wire and the guidewire simultaneously while the 
distal portion of the single contiguous lumen of the 
exchange catheter is sized to receive only one of the 
cutting wire and the guidewire at a time. 

9. The method of claim 8, further comprising: 
advancing the exchange catheter through the passage 

formed through the occlusion. 
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10. The method of claim 9, further comprising: 
withdrawing the cutting wire into the proximal portion of 

the single contiguous lumen of the exchange catheter 
after forming the passage; and 

thereafter, advancing the guidewire through the distal por 
tion of the single contiguous lumen and out of the distal 
end of the exchange catheter to a location distal of the 
occlusion. 

11. The method of claim 10, further comprising: 
advancing an angioplasty catheter over the guidewire to the 

occlusion. 

12. The method of claim 10, further comprising: 
advancing a stent placement catheter over the guidewire to 

the occlusion. 
13. The method of claim 8, wherein the proximal region 

and the distal region of the exchange catheter are advanced 
into the blood vessel. 


